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Abstract: In this study we tried to emphasize the role parton shower plays in event gen-
eration, and in the physics of high energy event generation. We achieved this task by com-
paring the next-to-leading order and next-to-next-to-leading order results from EERAD3
with the next-to-leading order plus parton shower results from Vincia, and comparing both
with real data.
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1 Introduction
In this study we tried to inspect the role played by parton showers in providing a better
match to real data from the events generated by event generators, for a brief description
of event generation and some mostly used event generators consult[1]. To achieve this goal
we generated events with Vincia[2] which is a plugin to Pythia[3] to sample out how events
with NLO+PS would look like; and we used EERAD3[4] to generate fixed order NLO and
NNLO events for comparison.
We have chosen jet rates and jet resolution variables for this comparison, as they contain
a lot of physics so they will enable us to see the impact on physics as well. For jet finding
we used Durham algorithm[5].Description of e+e−event variables are available in[6].
2 Parton showers
Due to the considerations we have for fixed-order event generation to work, we need to
restrict ourselves to a region of phase-space where jets are hard and well-separated. In this
regard we have omitted a lot of physics related to soft jets, jet substructure, etc[7]. These
higher order effects can be implemented via a parton shower scheme. Let us consider the
cross section for the process e+e− −→ qq¯g which is the next-order process for e+e− −→ qq¯.
dσqq¯g
dcosθdz
≈ σqq¯CF αs
2pi
2
sin2θ
1 + (1− z)2
2
(2.1)
where CF =
N2c−1
2Nc
is a color factor[1].
In Eq.(2.1) we see that the cross section for the next-order process is the cross section
for the leading-order one, multiplied by something we interpret as the probability for gluon
emission. We can further simplify it to a form more applicable to a Monte Carlo code.
Considering the divergent regions and knowing their relation to collinearity of the gluon to
the quark or the anti-quark we can express it as a sum on partons
dσqq¯g ≈ σqq¯
∑
partons
CF
αs
2pi
dθ2
θ2
dz
1 + (1− z)2
2
(2.2)
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and now θ is the angle between the gluon and the parton which emitted it.
And it is also believed that the structure of Eq.(2.2) is mostly the same for any hard
process like so. So for any hard process it can be achieved by introducing a color dependent
variable Pji(z, φ)dφ instead of the = CF
1+(1−z)2
2 part of the equation.[1]. For the exact
forms of cross sections see[8].
By introducing an ordering variable and considering the probability of branching and
non branching(Sudakov form factor) we can come up with an iterating scheme to attach
additional partons to a hard process, one at a time[1]. Adding branches with this method
gives us a 2→ n event from a 2→ 2 event.
In using parton showers we need to always be aware of the double counting. As we
might include higher orders we need to control the parton shower so it wont consider them
for a second time. Eliminating any double counted contribution from the matrix element
matched to a parton shower, stops unphysical situations to happen.
Vincia code uses antenna shower method which is described in[9] and in essence is not
very different from above.
3 Jet finding
Jets are one of the most amazing inventions of particle physicists; they give scientists the
ability to interpret swarms of particles as different meaningful objects rather than raw data
points. To find jets in e+e− events, we need to use jet algorithms; the first widely used
and a simple one of those is JADE algorithm. Proposed by JADE collaboration[10].For
a history and description of most e+e− jet algorithms see[11]. JADE algorithm roughly
speaking is defining a distance variable dij =
2EiEj(1−cos θij)
Q2
, finding the minimum of it,
defining a cut variable ycut and examining the minimum distances. Whether they are below
the cut and combine into one or they are going to go into the iteration of the preceding
process till there is no particle left uncombined. These entities which can not be combined
any further due to the cut variable, will be called jets[12]. The JADE algorithm is infrared
safe and collinear safe, however, because of the EiEj part of the distance definition, it has
the tendency to combine two very soft particles moving opposite to one another into one
entity[12]. This property of JADE algorithm is catastrophic for a study of an event with
parton showers at work.
In order to avoid such catastrophic incidents, we can use another jet algorithm which
is quite the same as JADE. This algorithm is only slightly different in the definition of the
distance variable
dij =
2min(E2i E
2
j )(1− cos θij)
Q2
(3.1)
Q is the total energy in the event, θij is the angle between particles i and j and E corre-
sponds to their energies, just like the distance definition for JADE algorithm.[12] This new
algorithm is called Durham/kt algorithm[5].
The difference made here makes the algorithm compatible with the situations in which
there are very soft particles. In these situations the numerator of (3.1), the distance variable
reduces to the squared transverse momentum of i relative to j. This property of the Durham
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Figure 1. Jet rates at center of mass energy of 91.2 GEV against ln(ycut)
algorithm is what gives it the kt name and saves it from failing in softer parts of the pahse-
space.[12]
To use these algorithms and many more the Fastjet package can be utilized[13]. This
package also provides a very efficient and fast way of doing so as the name suggests.
4 Results and conclusion
The higher the energy of events, the more complicated they will become. This makes it
very hard to mimic such processes. When we are dealing with complex events we need
a far better input from theory to analyze or mimic data. To this avail a lot of scientific
endeavors have dealt with more and more accurate calculations out of theories. Calculations
of jet rates and jet resolution variables to higher orders have been one of these calculations.
Calculations upto NNLO of event shape variables has been used in these[14–16] to estimate
αs and achieve NNLO corrections of it.
In this study we generated events with Vincia and EERAD3, compared our results with
data from [17].
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To evaluate and test the data generated by Monte Carlo event generators Rivet [18]is
used.
If we consider figures 1(a) and 1(b) we can see that data at NLO and NNLO are
present. Obviously NNLO is a better prediction than NLO as it is a better fit to data than
the other. But when we compare the NNLO contribution against NLO+PS from Vincia we
can deduce the fact that as ycut gets lower the result from Vincia provides a better fit to
data than NNLO.
To understand why we get to a result like so we need to take a look at figures 2(a)
and 2(b). These figures show the distance variable, also called the jet resolution variable.
What we can see here is the fact that when we get closer to the region mapped out by
lower ycuts we are getting more and more into a region of phase-space which collinear and
soft particles are dominating. We stated above that this region is not very well established
in fixed order calculations, this intern causes the error in NNLO calculations, shown in the
figures utilizing error bars, are getting larger and larger approaching the lower ycut values.
Now if we look at figures 1(c) and 2(c) which corresponds to the effects coming from
the higher order calculations only. Although we have expected to see that NNLO is the
better fit to data, we can see that a lot of contributions which came from parton showers
exists even when the jets are hard and the region of phase-space is more filled with hard
particles.We can see here that Vincia generated events, which we considered as NLO+PS
accurate, certainly are providing the better fit to data.
As we discussed thoroughly above we can conclude that contributions from parton
showers are inseparable from events. They contain a physics contribution, that a higher
order calculation does not provide.
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